Background: in order to implement cost-effective stroke services for older patients, it is necessary to identify how stroke care is currently provided for these patients and how provision relates to outcome. Objectives: to estimate the structure and process of care, and identify independent factors associated with 3 month mortality and functional outcome in patients aged over 75 years compared with younger stroke patients across Europe. Setting: 13 hospitals in 10 European countries. Subjects and methods: 1,847 subjects with first in a lifetime stroke admitted to hospital. Sociodemographic details, acute case severity, resource use and 3-month survival and dependency were collected. Results: from a total of 1,847 patients, 1,112 patients (60%) were under 75 years. Older stroke patients were more likely to be incontinent, dysphasic, dysphagic and comatose (P < 0.001). Computed tomography scan rates were higher in younger (87%) than in older patients (79%) (P < 0.001). Access to organised stroke care was higher in older (58%) than in younger patients (51%) (P = 0.002). Median acute length of stay was longer in younger (14 days, range 7-21 days) than in older patients (11 days, range 8-22 days) (P = 0.04). Nursing time in hospital was higher in older patients (P = 0.01), whilst therapy time was higher in younger patients (P = 0.03). By 3 months, younger patients were more likely to receive outpatient care (P < 0.001), physiotherapy (P < 0.001) and occupational therapy (P < 0.001). For older stroke patients, not having a computed tomography scan (OR = 0.2, 95% confidence intervals (CI) = 0.01-0.6, P = 0.003) was significantly related to mortality at 3 months after adjusting for case mix. Access to organised stroke care was significantly associated with reduced 3-month mortality in younger patients only (OR = 0.29, 95% CI = 0.14-0.6, P < 0.001). Conclusion: stroke care varies considerably across European centres, with older people more likely to gain access to organised stroke care in many centres but less likely to receive diagnostic investigations, therapy input and outpatient review. Where there is evidence of age discrimination for access to stroke services, guidelines need to be adopted to ensure patients of all ages receive optimal evidence-based stroke care at all stages of their illness.
Introduction
Demographic changes in the stroke population are creating enormous challenges to health services both nationally and internationally [1] . The incidence of stroke is expected to increase by 30% by the year 2023, with elderly patients predicted to survive much longer than previously anticipated [2] . These changes will have clinical and financial implications on both health and social care systems, as well as leading to increased informal costs to patients and carers [3] . In order to allocate health resources in a cost-effective and efficient way, health care planners and policy makers require information on how stroke services are being deployed in patients with advancing age. This is important as new UK government directives are now focusing on equitable distribution of health care resources to older people [4] . Previous analyses have shown that older stroke patients receive less diagnostic services and have poorer outcomes at 3 months compared with younger patients [5, 6] . More detailed estimates on the current provision of stroke care to older patients are required in order to begin to identify the issues in service provision that need to be in place to improve the outcome for these patients. This entails identifying what evidence-based components of stroke care are received by different groups of stroke patients and what aspects of care predict outcome [7] . It has been emphasised that within a structure such as a stroke unit, delivering quality processes results in better outcomes; however, it is uncertain what elements of this structure lead to lower mortality. The aims of this study are to estimate the structure and process of care, and identify independent factors associated with 3-month mortality and functional outcome in patients aged over 75 years compared with younger stroke patients across Europe. The comparison of care for people above and below the age of 75 years is arbitrary; however, previous research involving similar comparisons has demonstrated that patients over 75 years have poorer outcomes and are less likely to receive optimal stroke care [8, 9] .
Methods
The settings and methods used in this study have been previously described [10] . The European Union BIOMED Concerted Action was established to study the relationship between costs, resource use and outcome for stroke patients across Europe [11] [12] [13] . Thirteen centres in 10 European countries were included in this study (Almada, Portugal; Menorca, Spain; Florence, Italy; Dijon, France; Copenhagen, Denmark; Kupio, Finland; Turku (A and B), Finland; London, United Kingdom; Warsaw, Poland; Kaunas (A and B), Lithuania and Riga, Latvia). The participating hospitals were not necessarily representative of stroke care in their native country, but provided examples of the different ways care was provided across Europe.
Inclusion and exclusion criteria
All consecutive patients admitted to all hospitals with a first ever stroke, defined by the World Health Organisation (WHO) criteria [14] , were prospectively recruited for this study. Overlapping notification sources were used to ensure complete ascertainment of cases. Patients with subarachnoid haemorrhage were excluded, as were patients who refused consent (31 patients).
Data collection
Hospital-based stroke registers were established for 1 year from 1996/97 (nine centres) to 1998 (three centres-Finnish). Between 1994 and 1995, one centre (Denmark) recruited patients over 2 years. Data collection was standardised across all centres and included patient characteristics (age, over 75 and younger than 75 years; sex; pre-stroke living conditions), disability prior to stroke (Barthel score ≤18) [15] , stroke severity measures (level of consciousness at the time of maximum impairment (subsequently dichotomised into coma: Glasgow coma scale ≤8; and non-coma: Glasgow coma scale >8)) [16] , incontinence during the first week of stroke, dysphasia, dysphagia (using the 3-oz water swallow test) [17] , paralysis, stroke subtype (cerebral infarction, primary intracerebral haemorrhage or unclassified stroke (where brain imaging was not performed to confirm the diagnosis)) and risk factors prestroke (hypertension and previous myocardial infarction).
Resource use
The use of hospital and community services was recorded for 3 months after stroke. The use of computed tomography (CT), echocardiography, angiography and carotid Doppler were recorded for each patient. The length of hospital stay, by ward type (intensive care unit, neurology ward, stroke specific unit, general medical ward, elderly care ward or surgical ward) was also recorded. The total length of stay was calculated by summing the length of stay in each hospital. Each ward type was categorised according to whether organised stroke care was provided [18] . This included wards which encompassed multidisciplinary team-working, a physician with an interest in stroke, as well as taking into account the proportion of time spent (>50% of their length of stay) in such an environment. The wards that encompassed organised stroke care included neurology, elderly care, stroke specific unit and intensive care unit. One investigator (R.G.) visited the centres and used semi-structured questionnaires to record the available staff time (doctors, nurses and therapists) per occupied bed day on the wards. This measure of staff time covered 24 hours per day, seven days per week for each of the care areas in which patients were managed. It was a method applied in each centre by the same investigator to ensure consistency (R.G.). The total staff time for each patient's hospital stay was calculated by multiplying the length of stay by the staff time per occupied bed day. Outcome measurement included mortality at 3 months after stroke. Information on mortality was collected using death certificates, medical records and national registers. Functional status was measured using the Barthel Index out of 20 (>18, independent; ≤18, dependent) [15] , assessed by faceto-face or telephone interviews at 3 months. Whether patients were discharged home or to institutional care (residential/nursing home) was also recorded. The use of outpatient and community services (hospital clinics, therapy visits, primary care physician visits and nursing visits) was recorded from interviews with patients and their carers at 3 months after stroke.
Statistical analysis
Differences in the frequency of categorical variables between patients older than and younger than 75 years were performed with the χ 2 test. Student's t-test with logarithmic transformation was used for continuous variables (geometric mean length of stay and total staff time). The Mann-Whitney U test was also used to express the median length of stay with interquartile ranges. The associations between the key processes of care such as brain imaging and access to organised stroke care and age were estimated by multiple logistic regression after adjusting for sex, pre-stroke Barthel Index, pre-stroke hypertension, pre-stroke myocardial infarction, pre-stroke living conditions, stroke severity measures (level of consciousness, incontinence, dysphagia, dysphasia and paralysis) and stroke subtype. This model was run on the analysis sample (excluding missing cases) and the full patient sample to investigate the effect of excluding the cases with missing data. To identify factors associated with death and disabilty (Barthel Index ≤18) at 3 months in both age groups, multiple logistic regression was used after adjusting for all baseline clinical variables, as well as use of brain imaging and access to organised stroke care whilst controlling for country. Missing outcome data were taken into account by running the model assuming that patients were dead or alive or were independent or disabled. Because the variability between countries was larger than that between centres, we adjusted the multivariate models to the countries and not to the centres to reduce the number of parameters of the model.
Results
During the study period, 1,847 consecutive patients with a first in a lifetime stroke were recruited from the 13 centres, and the differences in case mix between both age groups are presented in Table 1 . The mean age of the total sample was 70.7 years (SD = 12.8); range 34.8-93.5 years. The mean age for patients <75 years was 62.9 years (SD = 9.8); range 34.8-74.9 years. The mean age for patients ≥75 years was 82.7 years (SD =5); range 75-93.5 years. The percentage of younger patients varied between 41% (France) and 86% (Latvia). There was significant variation in the distribution in age groups across countries with the younger age group over-represented in every country apart from in France, Italy and Spain (P< 0.001). There were no significant differences in the percentage of younger patients (44%) admitted to hospital within 6 hours of stroke onset compared with older patients (47%) (P = 0.27). Stroke impairments such as paralysis, dysphasia, dysphagia, incontinence and coma were more frequently encountered in older patients compared with younger patients (Table 1) . Table 2 shows that diagnostic interventions were used far less frequently among older patients. The number of younger patients having more than one CT scan was 250 (22.2%) compared with 70 (9.7%) older patients (P < 0.001). CT scan rates varied from 24% to 100% in younger patients across all countries, and from 1% to 100% in older patients. When investigating the effect of age on the access to CT brain imaging in the multivariate analysis after adjusting for case mix, older patients were less likely to receive brain imaging compared with younger patients (OR = 0.56, CI = 0.42-0.75, P < 0.001). Lower brain imaging rates for older people were evident in all countries analysed. Running the model on the full patient sample made no difference in the associations between age and CT brain imaging. Table 2 also shows wide variations in the type of ward in which patients were managed. Older patients were more likely to be admitted to general medical wards and elderly care units, while younger patients were more likely to be admitted to neurology wards (P< 0.001). There were no significant differences in the percentage of patients admitted to either intensive care or a stroke unit between both groups. Younger patients were more likely to undergo subsequent transfer to rehabilitation hospitals than older patients (P = 0.006). Older patients, however, were more likely to have access to organised stroke care during their whole hospital stay compared with younger patients in the univariate analysis (58% versus 51%) (P= 0.002). When investigating the effect of age on the access to organised stroke care in the multivariate analysis after adjusting for case mix, older patients were more likely to be managed in this setting compared with younger patients (OR = 1.28, CI = 1.01-1.57, P= 0.03). Older patients had greater access to organised stroke care in all countries except Portugal, Denmark and Lithuania.
In the univariate analysis, the mean length of stay in acute hospitals was significantly longer in younger patients compared with older patients (P = 0.04) ( Table 2 ). Median length of stay in acute hospitals in younger patients was 14 days (range 7-21 days) compared with 11 days in older patients (range 6-21 days) (P = 0.004). Median length of stay in rehabilitation hospitals in younger patients was 13 days (range 6-29 days) compared with 16 days in older patients (range 7-39 days) (P = 0.1) ( Table 2 ). There was higher mean nursing time spent with older patients compared with younger patients (P = 0.01) and higher therapy time spent with younger patients (P = 0.03).
Follow-up information at 3 months was completed for 1,757 (95%) patients. Of these patients, 1,057 (94%) were younger patients compared with 700 (97%) older patients. When considering discharge destinations, 850 (80%) younger patients were discharged home compared with 451 (64%) older patients (P < 0.001), whilst 57 (5%) younger patients were discharged to an institution compared with 99 (14%) older patients (P < 0.01). By 3 months, younger patients were more likely to be reviewed in outpatient clinics (32% versus 14%, P < 0.001), by primary care physicians (52% versus 36%, P < 0.001), by physiotherapists (24% versus 19%, P= 0.02) and by occupational therapists (9% versus 4%, P< 0.001) than older patients. Older patients were more likely to receive nursing care (45%) compared with younger patients (32%) (P<0.001).
A total of 150 (13%) younger patients died in hospital compared with 150 (21%) older patients (P = 0.001). At 3 months, 204 (19%) younger patients out of 1065 were dead compared with 238 (34%) older patients out of 692 (P < 0.001). Younger patients were more likely to survive at 3 months compared with older patients in all countries analysed. Table 3 reports the factors associated with 3-month mortality in the multivariate analysis after adjusting for case mix and country. When all study patients were considered, age ≥75 years was significantly related to 3-month mortality (OR = 2.4, CI = 1.8-3.4, P < 0.001). When the younger age group was examined separately, lack of access to organised stroke care, dysphasia, dysphagia, incontinence and coma were significantly related to death. When the older age group was examined, living with partner, dysphasia, dysphagia, incontinence, coma and lack of brain imaging were significantly related to death. Of 1,298 live patients, 1,171 patients (90%) had recorded Barthel scores at 3 months. At 3 months, younger patients (31%) were less likely to be disabled than 60% of older patients (P < 0.001). Younger patients were more likely to be independent at 3 months compared with older patients in all countries analysed. Table 4 reports the factors associated with 3-month disability in the multivariate analysis after adjusting for case mix and country. When all study patients were considered, age ≥75 years was significantly related to 3-month disability (OR = 2.8, CI = 1.75-3.8, P < 0.001). When the younger age group was examined separately, prior history of myocardial infarction, dysphagia and incontinence were significantly related to disability. When the older age group was examined, living with partner, female sex, dysphagia and incontinence were significantly related to disability. When missing data were taken into account, assuming patients were dead or alive or were independent or disabled, the factors associated with outcome were not altered. 
Discussion
This study describes the management of stroke in a large hospital cohort of patients across Europe. The advantages of this approach over that by Di Carlo and colleagues in the previous BIOMED stroke study [5] include involvement of a greater number of European centres including Eastern Europe, inclusion of patients in a more recent cohort (1996-1998) and a more detailed account of the process of care. By addressing patterns of care across a selection of centres in different countries, independent factors associated with receipt of evidence-based care such as age can be identified, and variations in practice can potentially be rectified through local adaptation of what are now well-established stroke guidelines [7, 19] .
An interesting finding from this study was that older patients had higher rates of access to wards encompassing organised stroke care, though proportionately greater access to acute rather than rehabilitation settings, despite higher levels of disability. This is suggestive of possible age discrimination in certain centres. For example, those centres that provided stroke care in acute hospitals might not have been as ageist in terms of access to provision as those centres that provided stroke care in rehabilitation hospitals. This study also suggests that many centres that described themselves as providing organised stroke care, i.e. having a 'stroke unit', may not in fact have been delivering appropriate care in these settings to older patients [20] . A worrying observation was the low proportion of older patients having access to rehabilitation despite their higher disability rates. Older patients tended to be discharged earlier from hospitals and be institutionalised at higher rates compared with younger patients, reflecting age-related discharge policies among some of the centres studied. Therapy input for older patients, however, may have been quite appropriately withheld from patients who survived in a very poor functional state on stroke units, and resources diverted to younger patients where the need was perceived to be greater. It is also possible that older patients had access to multidisciplinary input outside the organised stroke care environment as reflected by higher nursing input [21] . The low levels of therapy provided in outpatients for older patients may reflect a lack of rehabilitation resources, problems with referral or therapy not being considered appropriate. Although a number of wards had processes suggestive of organised stroke care [18] , all processes were not carried out in all units [19] . This makes it difficult to tease out what elements of care were effective in reducing outcome. The finding that access to organised stroke care wards was provided to a greater extent to older people but was associated with reduced mortality in younger patients suggests either a major unrecorded difference in case mix, which is unlikely, or that other factors such as access to acute supportive interventions, early identification of complications, rehabilitation interventions and secondary prevention were being received for younger patients only.
While the extent to which wards encompassing organised stroke care rationed by age seemed to vary across centres, for other resource items the effects were less ambiguous, for example, with brain imaging. The lower brain imaging rates for older patients in this study are consistent with other international practices [5, 22] and may have explained the high rates of unclassified stroke in this group, although a surprising finding was that 13% of younger patients were not imaged. Angiograms were performed more frequently in younger patients, probably because of the higher percentage of patients with intracerebral haemorrhage. When considering the uptake of carotid Doppler and brain imaging, this may have been appropriately withheld from some older patients according to their wishes, severe pre-stroke disability and poor prognosis. Although in this study brain imaging was associated with improved survival, the direct relationship between brain imaging and outcome is unclear [23] . Withholding brain imaging in older patients, however, may lead to inadequate acute treatments and secondary prevention [24, 25] . These findings have a number of limitations. First, they emphasise the limitations of adjusting for non-randomised comparisons of stroke outcome and process for differences in case mix. The case mix variables chosen in this study are those recommended by Davenport and colleagues [26] , and have been used in similar European collaborations [5, 10, 13] . However, case mix variables such as stroke subtype [27] , ethnicity, social class and other recognised variables should also be collected [28] . Secondly, we have only studied one centre per country for the majority of countries across Europe, as well as excluding community-based patients and, thus, the results may not be representative of their country's practice. Thirdly, although the definition of organised stroke care was used uniformly across centres [18] , it is important to note that a variety of different models of stroke care existed across Europe.
From this European study, it is evident that only elements of evidence-based stroke care are routinely applied to patients across centres, with different centres focusing on different components in different age groups of patients. The dissemination of stroke guidelines [7, 19] needs to be intensified, along with the development of an evidence-based culture in the newer European states. Countries with better adherence to guidance and expertise in the evidence-based culture need to support those countries still developing these new paradigms.
In order for stroke care to be effective, ward settings fulfilling organised specialist stroke care should ensure they deliver on all components of this to all patients, young and old. It is no surprise that older patients have worse outcomes than younger patients [29] ; the key question to address in future studies is: how much worse do they do because of poor uptake of stroke interventions? What is required at present is the expansion of organised stroke care so that a wider range of patients can potentially benefit, and for it to be available at all stages of the patient's illness, at the acute and rehabilitation phase [30] . As demographic changes are inevitable in the future, health systems across Europe may have to reorganise their services to ensure that older stroke individuals are not denied access to all aspects of stroke care.
Key points
• A high proportion of patients with stroke over the age of 75 years across European centres are not receiving adequate diagnostic investigations and community therapy.
• Older patients had higher rates of access to wards encompassing organised stroke care, though proportionately greater access to acute rather than rehabilitation settings, despite higher levels of disability.
• Only elements of evidence-based stroke care are routinely applied to patients across centres, with different centres focusing on different components in different age groups of patients.
• In order for stroke care to be effective, ward settings fulfilling organised specialist stroke care should ensure they deliver on all components of this to all patients, young and old.
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